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Abstract 
Optimizing operation for internal combustion engines requires the application of advanced essential 
technique. Moreover, an experimental investigation, numerical 3D CFD simulation, is needed in order to 
obtain and investigate a vision into the complex phenomena’s within cylinder. In this paper, fluid flow 
inside a single cylinder of spark ignition engine (SI) Hyundai type was modeled depending on the 
numerical simulation using ANSYS V15.0/ICE CODE, with dynamic mesh technique to study and estimate 
the characteristics flow under normal operation of octane fuel with respect to crank angle at a constant 
r.p.m. The engine model was done by SolidWorks environment. This work focused on the simulation of the 
intake, compression, expansion and exhaust stroke, including cold and combustion simulation, solving the 
governing equations (continuity, Renolds Average Navier Stoke, and energy equation). The code was 
validated against published data for present case, and the comparison showed a close agreement between 
the results and the maximum discrepancy was 17 %. 
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Nomenclature 
 
 
 
 
 
 
 
 
 
 
 
 
SI Spark Ignition Engine. 
r.p.m Revolution per Minutes. 
GDI Gasoline direct injection. 
SR Swirl ratio. 
TDC Top Dead Center. 
BDC Bottom Dead Center. 
ATDC After Top Dead Center. 
BTDC Before Top Dead Center. 
θ c Current crank angle 
θ s Start angle 
t Time (sec.) 
Ω Shaft speed (rpm) 
θ event Event crank angle 
n Integer 
θ period Crank angle period 
Ps Piston Position 
A Piston Stroke (mm) 
L Connecting Rod Length (mm) 
ρ Total mass density (kg m_3) 
u Velocity (m/sec.) 
τ Stress tensor 
 Viscous dissipation function 
S Source term 
P Pressure  (Pa) 
k Thermal conductivity (W/m.k) 
h Heat transfer coefficient (W/m2.k) 
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1. Introduction 
The internal combustion engine (ICE) is considered more important machine that used to provide 
mechanical power by converting the fuel power, this takes place with many complex processes. The 
modeling of internal combustion engine (ICE) represents one of the highest level of complexity and a 
challenging task. This is due to more parameters that play a key role of operation such as, fuel injection, 
flame propagation, ignition process, and variety of fluid properties due to unsteady state. Therefore, the 
study and development of internal combustion engines need to characterize deeply what happens from the 
complex physical phenomenon within engine, especially with the advancement of technology. 
The flow characteristic plays one of vital roles in the engine performance. So, several researchers 
have been involved in the study of ICE, Heywood [1] mentioned that the air turbulence is better for air - 
fuel mixture.  Kuo [2] predicted the gas pressure changes within the cylinder by a simple thermodynamic 
principle model. Most significant weakness of this model is that it does not take the changes in fuel 
reactivity during combustion into account. Movva [3] simulated the fluid flow in combustion chamber of 
ICE by wave action simulation, with FORTRAN code, and obtained the pressure distribution, and velocity 
at variant boundary condition. Omaraa [4] studied the cold flow in a dual engine, used fluent 2 
diamensional transient simulation, and obtained pressure, velocity, and temperature with crank angle by 
segment analysis into specific angles. Morauszki et.al [5] investigated the fluid properties in GDI engine 
with numerical computation using ANSYS and shows flow pattern, pressure during compression and power 
stroke. Ravichandra et.al [6] converted CI into SI by using dynamic mesh technique with fluent 16.0 for 
engine numerically and experimentally, recording the temperature and pressure inside combustion 
chamber. Abdul Rahiman et.al [7] studied an intake manifold by CFD and showed the variation of Swirl 
Ratio (SR) inside the cylinder with respect to crank angle for different manifolds.  
This paper represents a modern method in terms of modeling of geometry and 3D simulation by 
using the finite volume method. The objective of this research is to develop simulation to calculate the flow 
characteristic in combustion chamber of spark ignition engine by using dynamic mesh technique to 
visualize the flow within combustion chamber by using ICE code with engine speed 2500 r.p.m. The 
velocity, pressure and temperature contours will be studied with respect to different crank angles.  
2. Methodology 
2.1 CFD Tool 
The design and manufacture of internal combustion engines are under significant pressure for 
improvement. The generation of engines requires being light, reliable, robust, flexible, and powerful. 
Innovative engine designs will be required for satisfying these requirements. The ability to accurately the 
performance of multiple engine designs is too much crucial and critical, because IC engines consist of 
complex fluid dynamic interactions between air flow, fuel injection, moving parts, and combustion. Using 
CFD results, the flow phenomena can be visualized on a 3D geometry and analyzed numerically, providing 
tremendous insight into the complex interactions that occur inside the engine. CFD simulation is used as a 
part of the design process in automotive engineering, especially with the rise of modern technology. 
2.2 Modeling Geometry 
The methodology of modeling geometry was done by selecting the actual model of Hyundai four 
cylinder - 4 stroke spark ignition engine type as shown in figure (1) and then the geometric model of engine 
was created by SolidWorks. In order to reduce the simulation, one cylinder of engine was carried out as 
shown in figure (2). More information about the engine specification listed in Table (1).  
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2.3 ICE Code 
This context was focused on the procedures of ICE step. The geometry was conducted by 
SolidWorks. The model was sub-divided into different zones according to the decomposition technique [8] 
as shown in figures (3, 4, and 5) for compatibility with mesh of system. The moving mesh was controlled 
by dynamic mesh events in equations (1), (2). The moving of the parts (piston and valves) with respect to 
the crank angle was governed in equation (3) and valve timing [8]. The computational software was 
responsible for grid generation and moving mesh through automatic dynamic addition and removal of cells, 
which facilitates control over mesh resolution and distortion in moving-boundary problem. In this work the 
mesh is deforming respect with time and crank angle. Therefore the mesh is stretch, breaks up and re-
meshes. The number of cell is about 407.000. 
The code uses the finite volume method to solve the discretized Navier- Stokes equations; it is based 
on the pressure-correction method by selected the second order upwind difference scheme.  
𝜃𝐶  = 𝜃𝑆 +𝑡 Ω 𝑠ℎ𝑎𝑓𝑡                                                                                     (1) 
𝜃𝑒𝑣𝑒𝑛𝑡 = 𝜃𝑐 +𝑛𝜃𝑝𝑒𝑟𝑖𝑜𝑑                                                                                  (2) 
Bore 71 mm 
Stroke 60mm 
Connecting rod length  126 mm 
Compression ratio  8.2 
Intake valve diameter  32 mm 
Maximum intake valve 
lift 
6.9 mm at 104 deg.   
ATDC 
Intake valve opening 41 deg.    BTDC 
Intake valve closing 84 deg.    ABDC 
Exhaust valve diameter 26mm 
Maximum valve lift 
9.6 mm at 64 deg.    
ABDC 
Exhaust valve opening 66 deg.      BBDC 
Exhaust valve closing 16 deg.      ATDC 
Table (1): Engine Specifications 
Figure (1): 4 - Line cylinder head 
 
Figure (2): One cylinder model 
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The events are specified for one complete engine cycle, according to the engine operation  
𝑃𝑆 = 𝐿 +
𝐴
2
(1 − 𝐶𝑂𝑆𝜃𝐶) − √𝐿2 −
𝐴2
4
𝑠𝑖𝑛2𝜃𝑐                                                       (3) 
Ps is equal to zero at TDC and equal to A at BDC. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (5): Mesh of model 
Figure (3): Decomposition of valves and 
meshed valve Figure (4): In–cylinder  
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2.4 Governing Equations 
CFD is basically depending on the governing equations of fluid dynamics, the continuity equation 
for transient state, and k-epsilon turbulence 2-equations model were solved for the present investigation [6] 
as shown below. The strategy of solver that used in this paper shows in figure (6).  
 Continuity Equation 
𝜕𝜌
𝜕𝑡
+ 𝑑𝑖𝑣. (𝜌𝑢) = 0                                                                                                      (3)     
 Momentum Equation  
𝜌
𝐷𝑢
𝐷𝑇
=
𝜕(−𝜌+𝜏𝑥𝑥)
𝜕𝑥
+
𝜕𝜏𝑦𝑥
𝜕𝑦
+
𝜕𝜏𝑧𝑥
𝜕𝑧
+ 𝑆𝑀𝑥                                                                           (4) 
 Energy Equation  
𝜌 ⌊
𝜕ℎ
𝜕𝑡
+ 𝑑𝑖𝑣. (ℎ𝑉)⌋ = −
𝐷𝑝
𝐷𝑡
+ 𝑑𝑖𝑣(𝑘𝑔𝑟𝑑𝑇) + 𝜑                                                  (5) 
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Figure (6): CFD solver flow chart 
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2.5 Boundary Conditions 
The flow domain for this simulation is the combustion chamber,including the inlet valve,exhaust 
valve,piston ,also intake and exhaust port . The boundary conditions have been used refers to the pressure 
inlet boundary conditions ,  the pressure outlet boundary condition for the exit from the exhaust port. The 
intial condition are given in Table (2). 
 
 
Variable (unit) Initial value 
Pressure (Pa) Atmospheric pressure 
Turbulent kinetic energy (m2/s2) 0.02 
Turbulent dissipation rate (m2/s3) 0.02 
Temperature (k) 300 
Inlet pressure (Pa) Atmospheric pressure 
Exhaust pressure (Pa) Atmospheric pressure 
Cylinder wall temperature (k) 300 
Piston wall temperature (k)  300 
 
3. Results and Discussions  
3.1 Cold   
The numerical study has been achieved to identify the flow within the engine, so the simulation 
provided the pressure data for cold flow during the four strokes, as shown in figure (7) and (8).  
The result shows that the pressure is vacuum at intake stroke because the intake valve starts open at 
360 degree, the piston moves from TDC toward down so the volume of combustion chamber is increased, 
and then pressure reduced. This seems obvious at 390 CA. Then when the piston moves up from BDC to 
TDC, the volume is decreased so the pressure increased, and then gradually increasing at the 2nd stroke 
reaching to maximum at the 3rd stroke at 720CA when piston is at TDC; it approximates 16 bar because 
the volume of combustion chamber is too much small and IVC also, EVC are closed at this moment. 
During the exhaust stroke, the code shows a decrease in the value of pressure according to the expanding at 
the end of the third stroke because piston moves towards the BDC, the flow blow down exhaust system. 
 
 
 
 
 
 
 
 
 
 
 
Table (2): boundary and initial conditions 
 
Journal of University of Babylon for Engineering Sciences, Vol. (26), No. (9): 2018. 
 
138 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (7): Pressure contours of cold flow 
Pressure at 720 deg. Crank angle 
Pressure at 390 deg. Crank angle Pressure at 630 deg. Crank angle 
Pressure at 990 deg. Crank angle 
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In conjunction with pressure behavior during the engine operation, the temperature takes a similar 
behavior to the pressure, so the figure (9) and (10) shows that the temperature is reduced in the intake port 
because of the pressure vacuums in the intake port at suction stroke at 390,420,450 CA. The maximum 
temperature at 720 CA is 705K and then reduces to approximately 411K at 900 CA where exhaust valve is 
partially opened. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (8): In –cylinder pressure trend of cold 
Figure (9): In –cylinder temperature trend of cold 
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Figure (10): Temperature contours of cold flow 
Temperature at 390 deg. Crank angle Temperature at 420 deg. Crank angle 
Temperature at 900 deg. Crank angle Temperature at 1020 deg. Crank 
angle 
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The investigation of velocity field in cold flow was showed in figure (11)and (12), that the velocity 
at 360 CA about 11m/s in chamber and its maximum at the same angle in the end of intake port , due to 
partial opening of intake valve (11-a). It is increases in the chamber until reach to maximum value at 450 
CA (11-b), then reduces during 2nd and 3th as shown in (11-c, d). With coincidence with exhaust valve 
movement at 870 CA where the valve starts to open partially, according to valve profile the velocity inside 
the combustion chamber increases. And then the trend is referring to decreasing value of velocity during 4th 
stroke. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) Velocity of cold flow at 360 CA (b) Velocity of cold flow at 450 CA 
(c) Velocity of cold flow at 630 CA (e) Velocity of cold flow at 990 CA (d) Velocity of cold flow at 780 
CA 
Figure (11): Velocity contours of cold flow 
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3.2 Combustion  
According to the valve timing, the fuel injection at the end of 2nd stroke, into chamber, prepares the 
mixture for ignition by spark. Then combustion occurs and the results shown in figure (13) and (14) reveals 
that the pressure increases to approximately to 77 bar at 720 CA.And, it reduces gradually due to the 
conversion the fuel power to mechanical power at power stroke. At 900 CA the exhaust valve is open to 
deliver the flow gasses to exhaust system, the pressure is 1.47 bar. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (12): In –cylinder velocity trend of cold 
Figure (13): In –cylinder pressure trend at combustion simulation 
Journal of University of Babylon for Engineering Sciences, Vol. (26), No. (9): 2018. 
 
143 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (15) shows the temperature distribution at different crank angles, the temperature increases 
and the maximum value during the flame propagation as shown in the figure below due to combustion. 
Then, it reduces when volume of combustion chamber is increased due to expansion during moving the 
piston to BDC. 
 
 
Pressure at 900 CA Pressure at 1020 CA 
Pressure at 720 CA Pressure at 390 CA 
Figure (14): Pressure contours at various crank angles for combustion 
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The figure (16) and (17) refers to velocity distribution in combustion chamber with combustion 
simulation the velocity is maximum, approximately 70 m/s at 450 CA. The velocity reduces respectively 
with combustion propagate (720,750,780 CA). 
 
Temperature at 390 CA Temperature at 720 CA 
Figure (15): Temperature contours at various crank angles for combustion 
simulation 
Flame propagation in combustion chamber Temperature at 900 CA 
Temperature at 720 CA Temperature at 390 CA 
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Velocity at 450 CA Velocity at 720 CA 
Velocity at 750 CA Velocity at 780 CA 
Figure (16): Velocity contours for combustion simulation 
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4. Validation  
The validity of this work of CFD analysis has been examined by comparing the results with 
experimental and the analytic solution of [9], and it is validated with the convergence code [10]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (17): velocity in-cylinder trend for combustion 
simulation 
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5. Conclusion 
The flow characteristics within SI engine were investigated utilizing CFD ICE CODE. As a result, 
the following conclusions were summarized: 
 The adopted approach of the modeling of combustion simulation via ANSYS ICE CODE with dynamic 
mesh technique can be used to develop of internal combustion engine. 
 The two equations standard k-ε model showed acceptable model to simulate the motion of flow within 
engine. 
 Through this work, the in-cylinder flow characteristics were obtained as expected trends. 
 The temperature, pressure, and velocity were plotted with respect to the crank angle. 
 The value of temperature and pressure for firing simulation were bit higher than researches 
experimental due the fact this simplified CFD simulation doesn’t include friction losses induced 
interactions of engine components. 
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